This retrospective study aimed to investigate the clinical value of local surgery in stage IV BC and determined whether the survival outcomes were affected by the breast cancer subtype (BCS). Women with de novo stage IV BC from 2010 to 2013 were included using the Surveillance Epidemiology and End Results database. Univariate and multivariate Cox regression analyses were performed to evaluate the prognostic factors for breast cancer-specific survival (BCSS) and overall survival (OS). Among 9,256 patients were identified, 3,130 (33.8%) were received local surgery. Patients with hormone receptor (HR)+/human epidermal growth factor receptor 2 (HER2)-subtype were less likely to receive local surgery, while HR-/HER2-tumors were more likely to receive surgery. Multivariate analyses revealed that local surgery improved survival, surgical intervention was an independent favorable prognostic factor for BCSS (P < 0.001) and OS (P < 0.001). Patients who receipt of surgery had better survival outcomes compared with the non-surgery group, and the survival benefits of local surgery were not affected by the BCS status. Local surgery was improved survival for patients with stage IV BC regardless of the BCS status.
INTRODUCTION
Breast cancer (BC) is the most common malignancy diagnosed in women worldwide [1] [2] [3] [4] . The majority of BC patients are diagnosed as having an early disease stage. However, 2.4-6% of patients had metastatic disease at initial presentation, which was associated with poor survival [2, 5, 6] . Patients with de novo metastatic disease have a longer median survival time compare with patients with relapsed BC (39.2 months vs. 27.2 months) [7] . This difference may be due to better responses to systemic therapy for BC patients with de novo stage IV disease, while patients had distant relapse might present with therapeutic resistance. There may also be biological differences between synchronous and metachronous metastases dictated by the induction of resistant clones in tumors [8] . Patients with de novo stage IV BC may present with a particular metastatic subtype, requiring the development of a distinct treatment approach.
Treatment strategies for stage IV breast cancer have significantly advanced in the last two decades due to a better understanding of the heterogeneity of the disease. 
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Treatment approaches include endocrine therapies, targeted therapies, and different types of chemotherapy, which are based upon the identification of breast cancer subtype (BCS) based on the hormone receptor (HR) and human epidermal growth factor receptor 2 (HER2) status [9] . The clinical value of local surgery in stage IV BC remains controversial [10, 11] . An increasing number of studies have found that local treatment including surgery or radiotherapy significantly prolongs the survival in BC patients with de novo stage IV disease [12] [13] [14] [15] [16] [17] [18] . However, most of these studies spanned a long period of time, and the value of BCS in predicting the survival of patients treated with surgery is still limited [19, 20] . In the current study, we performed a population-based analysis to evaluate the clinical value of local surgery of BC patients with de novo stage IV disease. 
RESULTS

Patient characteristics
In total, 9,256 patients diagnosed with stage IV BC from 2010 to 2013 were identified including 3,130 (33.8%) patients received local surgery. The patient characteristics are showed in Table 1 . Patients who chose local surgery tended to be younger, larger tumor sizes, poorly/undifferentiated disease, advanced nodal stage, and married. Patients with HR+/HER2-tumors were less likely to received local surgery, while patients with HR-/HER2-tumors were more likely to undergo local surgery. There was no difference for performing surgery among the race groups. The patient characteristics according to various BCSs are summarized in Table 2 . In HR+/HER2-, HR+/ HER2+, and HR-/HER2+ stage IV BC, patients who chose local surgery were younger, had poorly/undifferentiated disease, advanced nodal stage, and married. In HR-/ HER2-subtype, patients who received local surgery were more likely to have younger age, poorly/undifferentiated disease, larger tumor size, and advanced nodal stage.
Survival
The median follow-up period was 13 months. Among them, there were 3,723 deaths, including 3,239 (87.0%) died with breast cancer related disease. The median breast cancerspecific survival (BCSS) time was 34 months, and the 1, 2, and 3-year BCSS rates were 75.0%, 59.8%, and 47.7%, respectively. The median overall survival (OS) time was 29 months, and the 1, 2, and 3-year OS rates were 71.7%, 55.4%, and 43.0%, respectively.
Prognostic analysis
Univariate and multivariate Cox analysis indicated that local surgery improved survival. Surgical treatment was an independent favorable prognostic factor for BCSS (hazard ratio [HR], 0.451; 95% confidence interval [CI], 0.409-0.498; P < 0.001) and OS (HR, 0.457; 95% CI, 0.416-0.501; P < 0.001) in the multivariate analysis. The 3-year BCSS was 61.1% and 39.8% in the surgery group and the non-surgery group, respectively. The median BCSS time was significantly increased in the surgery group compared with the non-surgery group; the median BCSS time was not reached in the surgery group and was 27 months in the non-surgery group (log rank P < 0.001; Figure 1A ). The 3-year OS was 57.5% and 34.6% in the surgery group and the non-surgery group, respectively, and the median OS time was also prolonged (44 months vs. 23 months, log rank P < 0.001; Figure 1B) . Age, race, grade, tumor size, nodal stage, BCS, and marital status were also significantly associated with BCSS and OS in the multivariate analysis (Table 3 and Table 4 ).
Effects of surgery on survival according to BCS
The clinical value of surgery on survival based on BCS were examined. The results showed that those who received surgery also had better BCSS and OS compared with the non-surgery group regardless of the BCS status (all P < 0.001) (Figure 2 ).
DISCUSSION
Using a population-based analysis from the Surveillance Epidemiology and End Results (SEER) database, we sought to evaluate the role of surgical treatment for the intact primary breast tumor in de novo stage IV BC patients. We further assessed the clinical value of surgery in patients with various BCS. Our results indicated that patients who receipt of surgery was associated with better survival, and the survival benefits of local surgery were not affected by BCS.
Currently, the role of local treatment for stage IV BC is still controversial. In a multicenter prospective registry study of 112 stage IV BC patients, the 3-year OS were 77% and 76% (P = 0.85), and the median OS time were 77 and 71 months in patients with and without local surgery (P = 0.85), respectively [21] . However, in a randomized prospective Turkish study of 274 stage IV BC, at median 40 months follow-up, the surgery group had statistically significant improvement in median survival compared to the systemic therapy group (46 months vs. 37 months, P = 0.005), for a 9-month overall advantage [22] . In addition, an increasing number of retrospective studies support the clinical value of surgery in stage IV BC [14-18, 23, 24] . In our study, patients who received local surgery appear to have a better survival. We hypothesize, along with others that local surgery could improve survival outcomes by providing locoregional control, eliminating potential seed sources, possibly a stimulant of metastatic disease sites, and potentially modulate the immune response [25, 26] . BCS according to HR and HER2 status are widely used to evaluate prognosis, predict treatment effects and guide treatment. Results from a meta-analysis have shown that there were no statistically significant differences on survival between patients with and without local surgery with regards to HR status in BC patients with stage IV disease [15] . In our study, fewer HR+/HER2-patients were received surgery, while patients with HR-/HER2-tumors were more likely to undergo surgery. The main reason for this difference is unclear. Our survival analysis showed that the survival of patient with HR+/HER2+ tumors was improved compared with HR+/HER2-subtype patients, while patients with HR-/HER2-subtype had the worst survival. Therefore, it can be assumed that there are more systemic treatment strategies available for HR positive and HER2 positive patients, whose long-term survivals are significantly superior to those of HR+/HER2-and HR-/HER2-subtype patients. However, studies based on neoadjuvant therapy have found that there were relatively higher rates of pathological complete response in HR-/ HER2-patients [27, 28] , which would likely influence the choice of surgery in stage IV BC.
Studies focusing on the role of BCS on surgical outcome in BC patients with stage IV disease are limited. A study by Chen et al. found that local treatment including surgery or radiotherapy improved survival in patients with HR+/HER2-(P = 0.0001) and HR±/HER2+ subtypes (P = 0.0012), but survival did not improve in HR-/HER2-tumors after local treatment (P = 0.9575) [19] . Neuman et al. also found that local surgery was associated with better survival in patients with HR+ or HER2+ disease (P = 0.004), but was not associated with improved survival in HR-/HER2-disease, where nearly 90% of patients who were eligible for endocrine therapy or trastuzumab related therapy [20] . The Turkish study also found that local surgery significantly improved OS in HR+ (P = 0.01) disease and HER2-disease (P = 0.01) compared with the non-surgery group [22] . However, there was no survival benefit of surgery in retrospective or prospective randomized studies according to HR and HER2 status [21, 23, 24] . The number of HR-/HER2-patients in the studies by Chen et al. and Neuman et al. was only 45 and 35, respectively [19, 20] . Therefore, we cannot conclusively establish the value of surgical intervention for HR-/HER2-patients. In our study, we identified 9,256 patients including 1,311 patients with HR-/HER2-. Our results found that surgical intervention improved survival regardless of the BCS status. The survival benefit was greatest in HR+/HER2-, HR+/HER2+, and HR-/HER2+ subtypes, while HR-/HER2-patients also experienced a significantly improved survival (24.7% vs. 7.7%).
With progress in early detection and comprehensive treatment, the survival outcomes of stage IV BC patients have shown a gradual increase. A similar trend in increased survival was also observed in patients undergoing surgery, with a 3-year OS of approximately 50% in patients undergoing surgery between the years 2006 and 2009 [16] . The 3-year OS reached 57.5% in the surgery group in our study, which included patients diagnosed between 2010 and 2013. In a study by Badwe and colleagues, no HER2+ patients in the non-surgery group received targeted therapy, while only 2% of HER2+ patients underwent targeted therapy in the surgery group [23] . In a study by the National Comprehensive Cancer Network Breast Cancer Outcomes Database, 42% and 30% of HER2+ patients in the non-surgery group and the surgery group received targeted therapy, respectively. However, the enrolled patients were receipt local surgery and followed by systemic therapy, therefore the therapeutic effect of systemic therapy was unclear [24] . In the study by Neuman et al., most HR+ and HER2+ patients received the corresponding targeted therapy, and the results indicated that surgery improved the survival of HR+ and HER2+ patients [20] . Anti-HER2 therapy is standard treatment approach in the United States and influences survival [29] . However, due to the limitations of the SEER database, we could not determine the sequential order of surgery and systemic therapy, chemotherapy regimes, targeted therapy and endocrine therapy. In the era of precision medicine, it is possible to establish the treatment regimen for stage IV breast cancer for each patient based on genetic and biological markers. With the progress in comprehensive treatments, there are more therapeutic regimens available for advanced breast cancer to prolong survival and local surgical treatment may provide additional benefits.
Our study also found that the probability of unmarried patients undergoing surgery was significantly lower than married patients, and multivariate analysis results showed that there were significant differences in survival outcomes based on marital status, married patients had better CSS and OS compared to unmarried patients. Severe psychological and socioeconomic stress have been proposed to contribute to the breast cancer diagnosis and being unmarried was significantly associated with serious psychological distress among breast cancer patients [30] . Previous studies have found that unmarried status was an important predictor of outright refusal of surgery and radiation, early discontinuation, and non-adherence to adjuvant therapy [31, 32] . In addition, the complex multimodal treatment of stage IV BC requires intense psychosocial support. Therefore, marriage may be having a protective effect on survival in stage IV BC. We need to acknowledge several limitations in our study. First, retrospective studies have an inherent bias. Second, the SEER database lacks information on the curative effect evaluation after corresponding systemic therapy. Third, the SEER database also lacks information on the specific type of systemic therapy, targeted therapy and endocrine therapy, the sequential order and specific indications of surgery and systemic therapy. In addition, the median follow up was only 13 months, this may due to that the BCS was started collecting in SEER after 2010. Therefore, long-term follow-up is an important need for the further survival analysis.
In conclusion, according to our results, local surgery was associated with better survival for BC patients with stage IV disease regardless of the BCS status. However, the study is a retrospective observational study and selection bias can not be excluded. Further randomized clinical trials will be essential to understanding our observed association between the receipt of local surgery and improved survival outcomes.
MATERIALS AND METHODS
Patients
Female patients diagnosed with stage IV BC from 2010 to 2013 were included using the SEER program [33] . Patients were identified if they met the following inclusion criteria: 1) stage IV BC at initial presentation; 2) BC as the primary cancer diagnosis; 3) local treatment strategies including surgery (mastectomy or breast-conserving surgery) or non-surgery were available; 4) complete results of estrogen receptor, progesterone receptor, and HER2 status. This study was based on the public-use data from the SEER program and we have got permission to access the database (reference number: 10269-Nov2015). This study was approved by the ethics committee of the Xiamen Cancer Hospital, the First Affiliated Hospital of Xiamen University and Sun Yat-sen University Cancer Center.
Demographic and clinicopathological features
The demographic and clinicopathological characteristics were collected as follows: age, race, tumor size, tumor grade, lymph node status, HR status, HER2 status, marital status, and local treatment. The BCS status were started collecting after 2010 in SEER database, which defined as four major subtypes as follows: HR+/ HER2-, HR+/HER2+, HR-/HER2+ and HR-/HER2-. The primary study endpoints of this study were BCSS and OS.
Statistical analysis
The qualitative parameters were compared between the different subgroups using the exact chi-square test and Fisher's exact probability tests. Survival rates were calculated using the Kaplan-Meier method and compared using the log-rank test. Univariate and multivariate Cox regression analyses were used to determine the risk factors for BCSS and OS. All statistical analyses were performed using the SPSS statistical software package (version www.impactjournals.com/oncotarget 20.0; IBM Corporation, Armonk, NY, USA). A P-value < 0.05 was considered to be statistically significant in all analyses.
